The relationship of serum high density lipoprotein cholesterol (HDL-C) levels and of the HDL 2 -C and HDL 3 -C subtractions to several factors associated with coronary risk was examined in a cross-sectional study, which included 655 men and 731 women ages 20 to 64 years. Participants with coronary heart disease (CHD) had lower levels of HDL-C, HDL 2 -C, and HDL 3 -C; however, only HDL-C in women was significant. Maleness, body mass index, triglyceride levels, tobacco use, and carbohydrate intake (in men) were significantly inversely related to total HDL-C, while alcohol intake was significantly positively related to HDL-C. The associations were stronger for HDL 2 -C than for HDL 3 -C, except that alcohol intake in men was more strongly related to HDL 3 -C. The findings of this study suggest that several factors that influence CHD risk do so in part through modifying HDL 2 -C levels. have shown that high density lipoprotein cholesterol (HDL-C) levels are inversely related to the risk of coronary heart disease (CHD). Several factors related to CHD are associated with changes in HDL-C levels. Higher HDL-C levels have been associated with femaleness, estrogens, exercise, and moderate alcohol consumption, whereas lower HDL-C levels have been associated with maleness, progestogens, obesity, high carbohydrate intake, adult diabetes, hypertriglyceridemia, and cigarette smoking. However, HDL-C is a heterogeneous mixture of lipoprotein particles that differ in lipid and apoprotein composition. These particles may be separated by a variety of methods into two major subclasses: HDL 2 -C (density [d] = 1.063 to 1.125 g/ml) and HDL 3 -C (d=1.125 to 1.21 g/ml). 4 Controversy exists regarding the relative importance of these HDL-C subtractions in predicting CHD. Some studies found lower HDL 2 -C levels to be more strongly associated with CHD, 45 present study examined these relationships as part of a community coronary risk factor study.
D ata from both prospective 1 and prevalence 2 studies have shown that high density lipoprotein cholesterol (HDL-C) levels are inversely related to the risk of coronary heart disease (CHD). Several factors related to CHD are associated with changes in HDL-C levels. Higher HDL-C levels have been associated with femaleness, estrogens, exercise, and moderate alcohol consumption, whereas lower HDL-C levels have been associated with maleness, progestogens, obesity, high carbohydrate intake, adult diabetes, hypertriglyceridemia, and cigarette smoking. 3 However, HDL-C is a heterogeneous mixture of lipoprotein particles that differ in lipid and apoprotein composition. These particles may be separated by a variety of methods into two major subclasses: HDL 2 -C (density [d] = 1.063 to 1.125 g/ml) and HDL 3 -C (d=1.125 to 1.21 g/ml). 4 Controversy exists regarding the relative importance of these HDL-C subtractions in predicting CHD. Some studies found lower HDL 2 -C levels to be more strongly associated with CHD, 45 while others have found HDL 3 -C to have a stronger relationship 6 ; yet others have implicated low levels of both subtractions. 78 Thus, the relationship of CHD and its risk factors to HDL-C subtractions are not yet well established. The
Methods Subjects
The present study formed part of a Coronary Risk Factor Study (CORIS), which was conducted in 1983 on 7264 white subjects ages 15 to 68 years, who participated voluntarily in this community study. The white populations of three rural towns and their magisterial districts in the southwestern Cape Province were selected for study by virtue of their similar age and language (over 95% Afrikaans-speaking) composition, size, relative population stability, and accessibility. The CHD mortality rate for white men in the three towns (214/100 000, ages 15 to 64) were similar to the national rate (240/100 000). Farming and related activities were the major occupations. The study subjects were recruited by an intensive postal and telephone campaign and represented 82% of the known target population as ascertained from ratepayers' and electricity consumers' records and a postal census. For the present analysis, 655 men and 731 women ages 20 to 64 years, who were randomly selected for a 24-hour dietary recall and lipoprotein measurements, were included. The study protocol was approved by the Ethical Committee of the Medical School of the University of Stellenbosch. The study subjects were 20 to 64 years old. *ln total population. SD=standard deviation, CHD=coronary heart disease, HDL-C= •high density lipoprotein cholesterol.
Friedewald formula. 9 The total cholesterol and triglyceride levels were analyzed with an automated system (Gilford auto analyzer) and the Boehringer CHOD-PAP enzymatic method. Two reference standards (Ortho Diagnostics and Boehringer Precilip) were included in each run. Inter-and intrarun variations were less than 3%. HDL-C, HDL 2 -C, and HDU-C were estimated by the differential precipitation method of Gidez et al., 10 which has been shown to agree well with results from the ultracentrifugal procedure. The remaining serum was analyzed for uric acid (Boehringer Uric Acid Uricaquant method).
All subjects completed a general risk factor questionnaire and the London School of Hygiene questionnaire for chest pain by interview. Information on physical activities, smoking and drinking habits, use of oral steroids, diabetes, and the presence of CHD was thus obtained. Food intake was determined by the 24-hour dietary recall method. For the purpose of this study, subjects were classified as being physically inactive in leisure time according to the findings of Paffenberger et al. 11 in college alumni, i.e., a weekly leisure time energy expenditure of less than 8400 kJ (2000 kcal).
Resting electrocardiograms (ECGs) were recorded and coded according to the Minnesota classification. A person was classified as suffering from CHD if he/she had a history of angina or myocardial infarction confirmed by a doctor or pathological Q waves on the ECG (Minnesota codes 1.1 or 1.2). Standing height and weight were measured in light clothing and without shoes. The body mass index (BMI) was calculated as weight (in kilograms) divided by height (in meters) squared. Blood pressure was measured in the sitting position with a mercury sphygmomanometer according to the recommendations of the American Heart Association.
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Statistics
The means of selected coronary risk factors in those subjects with CHD and in those without CHD were calculated and compared by an analysis of covariance, adjusting for age. Categorical variables were compared with the Cochran-Mantel-Haenszel statistic, controlling for age. Univariate linear regression analyses were performed to identify those variables that had a significant effect on HDL-C and its subfractions. These variables were subsequently included in multiple-entry linear regression models with HDL-C and its subfractions as dependent variables. The distributions of HDL-C, HDL 2 -C, HDU-C, BMI, total cholesterol, triglyceride, total energy expenditure, polyunsaturated fat, and cholesterol intake were found to be significantly non-normal (p<0.01), and log-transformed variables were therefore used in these analyses.
Results
The characteristics and dietary intakes of the study population are given in Table 1 for both men and women. The mean HDL-C, HDL 2 -C, and HDL 3 -C were significantly higher (p=0.0001) in women than in men, but no sex difference was found for total cholesterol. Men had a significantly higher mean BMI and total triglyceride than women, and CHD was also more prevalent in men. Men consumed significantly more tobacco, alcohol, and satu- rated fat than women, while women consumed more carbohydrates than men. Because of these sex differences, only sex-specific statistical analyses were performed.
The mean values and prevalences of selected coronary risk factors for subjects with and without CHD are shown in Table 2 . The total HDL-C was significantly lower in women with CHD (54.8 vs. 64.5 mg/dl, p<0.05), but not in men with CHD. Furthermore, women with CHD had significantly higher levels of BMI and triglyceride and they smoked significantly more than women without CHD (p<0.01). Women also had higher levels of total cholesterol, systolic blood pressure, and uric acid, and a higher percentage of women had diabetes (p<0.05). Table 3 presents correlations of several variables with HDL-C, HDL r C, and HDL3-C. Among both men and women, triglyceride was the single best predictor (inverse) of all three HDL categories (r ranged between -0.15 and -0.39, p<0.001). Other factors demonstrating fairly strong inverse relationships were BMI and intake of carbohydrates (% of energy), while alcohol intake had a positive relationship. For the most part, HDL 2 -C appeared to be more strongly influenced by these factors, with the exception that alcohol intake in men was related more to HDL 3 -C than to HDL 2 -C. Smoking was negatively associated with HDL-C and HDL 2 -C in both men and women and also with HDL3-C in women, but the relationships were relatively weak.
Those variables that showed significant relationships with HDL-C and its subfractions (BMI, triglyceride, smoking, alcohol intake, and carbohydrate intake) in univariate regression analyses were used further in multiple linear regression analysis with HDL-C, HDL 2 -C, and HDL 3 -C as the dependent variables (Table 4 ). In both men and women, HDL-C was significantly and independently negatively related to BMI, triglyceride, and smoking and positively related to alcohol intake. Carbohydrate intake in men was also significantly negatively related to HDL-C. Most of these independent variables were related more closely to HDL 2 -C, while triglyceride was also significantly related to HDL3-C in both men and women. Alcohol intake in men was especially closely related to HDL 3 -C (p<0.001). Approximately 28% (23% to 32%), 12%, and 7% (4% to 9%), respectively, of the variance in HDL-C, HDL 2 -C, and HDL3-C could be explained by the combined effects of the independent variables entered in the models.
Discussion
This cross-sectional study, in which a differential precipitation method for the separation of HDL-C subfractions was used to show the relationship between HDL-C and its subfractions and CHD risk factors in a rural white community, underlines the well-established finding that HDL-C concentrations are higher in women than in men. 13 This was almost entirely due to increased HDL 2 -C levels in women; there was virtually no sex difference for HDL3-C (Table 1) . These results are in agreement with those of other studies in which different separation methods were used. 714 These greater male-female differences for HDL 2 -C than HDL3-C have been shown to extend to the plasma apolipoprotein concentration, particularly apolipoprotein (apo) A-l. 15 Thus, differences by sex may be reflective of differences in the relative proportions of HDL-C subclasses.
Many studies have shown that a low HDL-C level is a powerful lipid predictor of CHD mortality. 12 In our study, a significantly lower HDL-C level was found in women with CHD, but not in men. In both men and women, the HDL 2 -C and HDL<3-C levels were lower (although not significantly so) in those with CHD; in women with CHD, triglyceride was significantly higher. Interestingly, when HDL-C levels in women with and without CHD were compared with analysis of covariance controlling for age and triglyceride, the significance of the difference in the total HDL-C levels between women with and without CHD disappeared (46.7 mg/dl became 50.1 mg/dl after analysis). Thus, it seems that the total HDL-C and triglyceride levels in women were interrelated.
An inverse relationship between HDL-C and obesity has been shown by several investigators. 1316 The present study confirms the findings of Diehl et al., 7 Albrink et al., 17 and Marti et al. 18 that body fatness has a strong negative correlation with HDL 2 -C, particularly in men, but little or only a negative correlation with HDL 3 -C. The correlation between obesity and HDL-C in epidemiologic studies is mostly accounted for by HDL 2 -C, and multiple regression analysis (Table 4) showed that this negative relationship was independent of triglycerides and other variables, suggesting that variables other than those associated with triglyceride elevations may be operative.
The strong negative relationship between HDL-C and triglyceride found in this study has been found in most studies, 713 and this relationship seems to be stronger for HDL 2 -C than for HDL 3 -C.
7171 9 HDL-C accepts phospholipids, free cholesterol, and C apoproteins during the catabolism of triglyceride-rich particles in the plasma. 20 The HDL3 subtraction is probably the major initial acceptor particle, although both the HDL 2 and HDL 3 subfractions are potential acceptors, and interconversion occurs.
Alcohol intake is a lifestyle factor associated with some health benefits as well as with many health hazards. Among the putative health benefits is the well-established positive correlation between alcohol intake and HDL-C, whereby alcohol may reduce CHD risk. 21 However, relatively little information is available on the relationship of the HDL-C subfractions to alcohol intake. The present study suggests that, while alcohol may raise both HDL 2 -C and HDL3-C levels, its major effect may be on raising HDL 3 -C in men and HDL 2 -C in both men and women. Some studies have found increases in both HDL 2 -C and HDL 3 -C with alcohol intake, 22 while others have reported alcohol consumption to be more strongly related to HDL 3 -C than to HDL 2 -C. 719 The latter finding is compatible with the results for men in the present study, men being greater consumers of alcohol than women.
With the exception of the alcohol-related effects on lipoproteins, HDL-C concentrations have been found to be relatively insensitive to diet. In the Lipid Research Clinics Prevalence Study, a modest inverse relation between HDL-C levels and dietary intakes of total carbohydrates were found. Dietary saturated, monounsaturated, and polyunsaturated fat intakes were unrelated to HDL-C levels. 23 In the present study, a significant negative relationship between HDL-C and carbohydrate and monounsaturated fat intake (percent of energy) was found in men, which was reflected mainly in their HDL 2 -C levels ( Table 4) . The 24-hour recall diet methodology is not satisfactory for quantification of individual intakes, and thus we may have missed some other significant relationships.
Two other important lifestyle factors, smoking and lack of exercise, have been shown to be associated with lowered levels of HDL-C. 1324 Haffner et al. 19 found HDL3-C levels to be lower in smokers than in nonsmokers, but they observed no relationship of smoking to HDL 2 -C. In a study by Diehl et al.
7 smokers had lower HDL 2 -C means than did nonsmokers. In the present study, smoking was found to be significantly negatively related (although rather weakly) to the HDL subfractions, especially to the HDL 2 -C subtraction. We failed to demonstrate a relationship between physical exercise and HDL subfractions as has been shown in some prospective studies. 23 This may be due to the cross-sectional nature of our study, the low level of physical activity of the study population, or the insensitivity of the exercise questionnaire used.
In conclusion, the present study confirms many of the previous observations that maleness, obesity, hypertriglyceridemia, smoking, alcohol intake, and carbohydrate intake influence HDL-C levels. Most of the effects were mediated through changes in HDL 2 -C levels, although triglycerides also had a significant influence on HDL 3 -C, and in men, alcohol consumption affected HDL3-C more than did HDL 2 -C. If the hypothesis that HDL 2 -C, rather than HDL 3 -C, is more strongly protective of CHD is correct, then some of the benefits of lifestyle modifications aimed at preventing CHD may well be operating through increasing serum HDL 2 -C levels. 
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